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ERRATA SHEET
PAGE 1. Add the following to section I. A. Introduction, Background:

This technical report represents Phase II of the Ammunition Cost
Research Project in process at HQ, ARMCOM, Cost Analysis Division. The
Phase I report covered medium-bore automatic cannon ammunition, 20mm
through 60mm, (see reference 95) and included, under separate cover,
ANNEXES A through E (see reference 92). These annexes contain the de-
tailed data used to develop the cost estimating relationships (CER's),
cost improvement curves, and analogies related to the recurring invest-
ment portion of this project. The Phase II report encompasses Phase I
and expands on it to include kinetic energy projectiles, aluminum
cartridge cases, and additional data points on several components.

Tank main armament ammunition, over 60mm through 152mm, is also covered
in the Phase II report.

PAGE 80. Change Table III-9 as follows: at the junction of j=7 and
1=3, the value 16.500 should read 10.400, and at the junction of j=13
and i=5, the value 3.00 should read .300.

PAGE 81. Change Table III-10 as follows: at the junction of j=8 and
1=26, the value .396 should read .373.

PAGE 105. In the definition for Kinetic Energy: ''the mass'' should
read ''the projectile mass'.

PAGE 112. Add the following note to the paragraph which follows the
CER Data table on page 112:

"The production rates/data base is shown on page 113 under CER
Data. The mean which the anticipated production rate is considered
to deviate about is identified as the specific mean for the bore size
under consideration; i.e., if the LAP cost for a 105mm HE round is
being estimated, the mean production rate would be (82K + 102K) : 2 = 92K.

PAGE 118. To the paragraph, ''The 20 - 35mm spin-stabilized . . . and
profit rate of 12 percent." add, ""These CER's estimate the complete
projectile (in-flight projectile plus the sabot) cost."

PAGE 121. Change the bottom line, '". . . tungsten alloy as the core
material.” to read, ". . . tungsten alloy as the core material with

tracer capability. If tracer capability is not required, simply subtract
$0.73 from the cost estimated."

PAGE 123. Change the paragraph, ''The above equation . . . tungsten
alloy as the core material." to read, '"The above equation . . . tung-
sten alloy as the core material with tracer capability. If tracer
capability is not required, simply subtract $0.73 from the cost esti-
mated."




PAGE 125. Make the following changes:

InZ = -13.8378 + 3.0885 LnX to read, LnZ = -14.3343 + 3.1763 LnX
Z = (9.7794 x 10°71) x>°9885 ¢4 read, Z = (5.9523 x 1077) x>-1763
Coefficient of determination = 0.895 to read, = 0.946

Standard error of estimate in Ln form = 0.588 to read, = 0.399
Mean absolute percent deviation = 36.9 to read, = 33.3

PAGE 125 and 126. The CER Data table should read as follows:

Cartridge Bore Actual Estimated
Nomenclature Size(mm Unit Cost Unit Cost
M56A3 HE 20 $ 0.01 $ 0.01
MK2 HE 40 0.06 0.07
M306A1 HE 57 0.24 0.22
M307A1 HE 57 0.17 0.22
M48 HE 75 0.59 0.54
M42A1 HE 76 0.39 0.56
M352 HE 76 0.63 0.56
M71A1 HE 90 0.92 0.96
M71 HE 90 0.63 0.96
M591 HE 90 0.90 0.96
M323 HE 105 1.88 1.57
Ml HE 105 2.14 1.57
M413 HE 105 0.47 1.57
M548 HE 105 2.24 1.57
M3A1 HE 107 3.08 1.66
M329 HE 107 3.08 1.66
M469 HET 120 1.94 2.39
M356 HET 120 3.41 2.39
M657E2 HET 152 3.76 5.07
M101 HE 155 6.20 5.39
M107 HE 155 5.78 5.39
M549 HE 155 6.88 5.39
M103 HE 203 8.28 12.71
M106 HE 203 14.32 12.71
0.6590 -0.6590

PAGE 133. Change equation, C to read C = 122.9027 R

16. 3741 X-2.2678X1.3338 to

122.9027 R

PAGE 138. Change equation, Z read

2.2678Y1.3338

Z=16.3741 X

1

PAGE 157. Change equation (4) to read V' Vol = kt.

PAGE 160. Below equation (6) add the ''is greater than'' symbol after

2
X and Vj- so that one now reads "where coth X X = . . . X2 > 1" and,
a 2
-1 v

1" i = v "
or coth - sl ;;? > 2 b
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67
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106

136
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ERRATA SHEET (CONT)

1.103 should be 1.155.
1.2 should be 1.632 (2 place eqn 28).
1,786 should be 2,016 (2 place eqn 29).

Yi,k xi,j,k should read Yi,k = Ni.k )(1.“1’k (ean 20).

the exponent D-25 should be chanaed to read D-30 for
aluminum cases only (ean 28 only).

at i = 17 and j = 5, the value 77 should read .77.
at i =17 and j = 6, insert .77.

at i =5 and j = 1, the value 5.73 should read 573.
at 1 = 5 and j = 3, the value 5.73 should read 4.73.

Addressina the value to the riaht of FY 66 thru FY 57,
Change the headina "Under 30mm" to read "Over 30mm".
Change the heading "Over 30mm" to read "Under 30mm".
Opposite FY 65 is the value 1.62. The value of 1.49
immediately above 1.62 should read 1.58.

In the CER Data display, under Cartridae Model, fourth
entry from the bottom, M399/M340 should read M339/M340.

Throughout this study, the units of mass, momentum,
and kinetic enerqy are:
2

mass = 1bs force per ft per sec™ = sluas
momentum = 1b-sec
kinetic enerqy = ft-1b
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ABSTRACT

At the complete round level of detail, statistically valid cost
estimating tools for independent parametric cost estimates of ammunition
investment costs have been difficult to construct. The long life span
of ammunition items reduces the number and range of data points available
for a given weapon system (e.g., tank main-armament). To counter this
problem, a research project has been untertaken to develop cost estimating
tools for ammunition components. This report demonstrates how component-
level cost models can be used to independently estimate medium-bore
automatic cannon and tank main-armament ammunition investment costs with
greater statistical validity than has been obtained with past approaches.
The investment cost models cover ammunition initial production facilities
(IPF) and procurement.




AMMUNITION COST RESEARCH STUDY

June 1976

TABLE OF CONTENTS

Page
I.  INTRODUCTION
A.  BACKGROUND 1
B.  GENERAL APPROACH : 1
C.  ACKNOWLEDGEMENTS 2
IT. STUDY RESULTS
A.  GENERAL ESTIMATING METHODOLOGIES 3
B.  NONRECURRING INVESTMENT 3
1. Estimating Model 3
2. Use of the IPF Model to Estimate Cost 7
C.  RECURRING INVESTMENT 9
1. Estimating Parameters 9
2. Development of a Procurement Plan for 13
the Family of Ammunition
3. Use of Estimating Parameters to Estimate 13
Total Cost
ITI. STUDY METHODOLOGY
A.  SPECIAL AMMUNITION PROCUREMENT CONSIDERATIONS 17
B.  NONRECURRING INVESTMENT 18
1. Assumptions and Constraints 22
2. Definitions 25
3. Medium-Bore 26
a. Alternative A: 20mm- 60mm 26
b. Alternative B: 20mm-40mm 58

4. Tank Main Armament 68




C.  RECURRING INVESIMENT

1% Data Collection

a.
b.

@

Procurement Cost Data
Production Quantity Data

Independent Variables

2. Analysis of Learning

a.

b.

Methods Used for the Analysis

Results

3. Development of Cost Estimating Relationships
and Cost Factors

a.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

b.

Description of Methods of Analysis

LAP
Projectiles
Explosive Fill
Cases
Propellants
Primers

Links

Fuzes

Variables Used in Regression Forms
Initially Attempted

4. Transportation Costs

IVv. SPECIAL FINDINGS AND RECOMMENDATIONS

A.  NONRECURRING INVESTMENT

B.  ECONOMIC ORDER QUANTITY DETERMINATION

C. AMMUNITION VELOCITY ESTIMATING EQUATIONS

REFERENCES

Page
101
101
101
102
102
106
106
108

110
110
111
116
125
128
135
138
140
141
145

149

151
151

155




I. INTRODUCTION

A.  BACKGROUND

Preparation of independent parametric cost estimates (IPCE's) for
new ammunition proposals has been difficult because of the absence of
a comprehensive data base normalized in accordance with consistent and
substantiated learning curve assumptions. To compound the difficulty,
statistical development of cost estimating relationships (CER's) has
traditionally been confined to narrow bands of components or complete
rounds. Use of these narrow bands has caused a loss of data points and
a reduction in the statistical quality of the results, as well as a
limitation of the range of usage. This narrow focus was the natural
result of the past emphasis given to estimating costs for specific
weapon systems as they reached critical decision milestones rather than
planning broad based, long-range studies which addressed multiple systems
with many potential ammunition uses.

To correct this problem, the ammunition cost research project was
chartered by the Cost Analysis Directorate of the Office of the Comptroller
of the Army. The Cost Analysis Directorate charged the Army Materiel
Command (AMC) with the responsibility for this study on 20 Mar 75. 1In
turn, AMC assigned the task to the Cost Analysis Division, Headquarters,

US Army Armament Command (ARMCOM) on 1 Apr 75S.

B.  GENERAL APPROACH

The purpose of this study is to develop investment cost-estimating
tools for medium-bore automatic cannon and tank main-armament ammunition
which will facilitate independent cost estimates. These tools must be
applicable to prevalent types and calibers of ammmnition produced at
various production rates and program quantities so that wide ranges of
ammunition proposals can be estimated easily and independently. The
results of this study are intended to support the decision making pro-
cess early in the acquisition phase. They are not intended to be used
for current procurement actions.

The developed tools feature the following:

1. For nonrecurring investment; matrices, which are listings of
capital equipment and associated tooling, to be manipulated by a com-
puterized cost model to generate lines-of-balance for each ammumition
component and their resultant costs.

2. For recurring investment; cost predictors at the component
level of detail which can statistically predict costs based upon
physical and performance characteristics.




Data acquisition was as follows:

1. For investment nonrecurring, emphasis was placed on esta-
blishing a data base founded on hard data such as descriptions of
manafacture (ref 1 is typical). Equipment lists, which became the
data base, were synthesized by analyzing the manufacturing processes
necessary to produce each of the associated ammunition components.
Where hard data was unavailable, equipment lists were provided by
the responsible engineering agency.

2. For investment recurring, priority was given to the use
of hard procurement data. These data were selected because they repre-
sent actual procurement practices. Data adjudged by price analysts
as being unsuitable for procurement uses were excluded. The exclusions
were made prior to the beginning of the cost-research project in a
completely independent action. When hard procurement data were not
available because of the obsolescence of an ammunition item, a cost
estimate was obtained from the responsible engineering agency to
fill out the independent variable continuum.

C.  ACKNOWLEDGEMENTS

While the Cost Analysis Division, HQ, ARMCOM performed a central
role in data collection and study coordination, completion of the
project would not have been possible without the suggestions and
assistance provided by HQ, ARMCOM Directorates of Research, Develop-
ment, and Engineering; Procurement and Production; Quality Assurance;
Materiel Management; Maintenance; and Transportation and Traffic
Management, in addition to the Systems Analysis Office. Special
estimating and data collection efforts were provided by the employees
of Frankford and Picatinny Arsenals to satisfy the broad scope of
the study. Valuable data and advice were received from both the
Department of the Air Force and Department of the Navy.




II. STUDY RESULTS

A.  GENERAL ESTIMATING METHODOLOGIES

The primary approach proposed by this study for developing invest-
ment cost IPCE's is mathematical modeling and CER's. ‘The study results
successfully demonstrate that component level development of cost models
and CER's should be used rather than attempting to prepare such models
and relationships at the total round level.

While the component approach does not eliminate difficulties when
advances in ammunition technology are incorporated into a new ammunition
proposal, structuring the estimate at the component level limits these
problems to the components involved in the change. When using total
round level CER's and when faced with a new kind of component, such as a
telescoped cartridge case, the estimator must reduce the reliability of
the total estimate with a complexity factor or abandon use of the CER
entirely. With component CER's the estimator need only adopt alternate
estimating techniques for the components that are unique.

This study does not attempt to give specific guidance for handling
new and unused technologies. It is not possible to foresee all pro-
blems, or to predict their solutions. However, on the basis of shortages
in the data base and from the experiences gained in developing the
models and CER's, certain problems can be foreseen. They are:

1. The lack of Army experience with dual-purpose high explosive
and discarding sabot projectiles, as well as aluminum, telescoped, and
combustible cartridge cases.

2.  The general difficulty of fuze estimating, which not only
includes technological changes with the introduction of electronic
componentry, but also lacks strong cost drivers for initial parametric
estimating.

The remainder of section II is split between reporting the results
for initial production facilities and presentation of the cost esti-
mating parameters prepared for ammunition component production costs.

The use of the IPF model is illustrated by a simplified example along
with a narrative "walk-through''. The use of the recurring cost estimating
parameters is illustrated with an example estimate.

B.  NONRECURRING INVESTMENT

l. Estimating Model

Prior to preparation of an independent parametric cost estimate
(IPCE) of initial production facilities (IPF), it is essential to obtain a
clear statement of machinery requirements for the family of ammunition
to be produced. To obtain this requirements statement, it is first

3




necessary to determine the mobilization plan for the ammunition being
introduced to the Army. Then it is necessary to determine whether

the existing base of machinery is sufficient to meet the mobilization
plan. If this base is not sufficient, then the short fall must be
specified at the component level of detail. Only then can a realistic
IPCE be prepared.

The resulting mobilization output rate for each component and
the corresponding short fall from the desired output rate must be the
agreed upon basis for both the IPCE and the Baseline Cost Estimate (BCE)
being compared. Given that the outputs are properly defined, it was
determined that cost modeling is the best way to independently estimate
the machinery required to support a new ammmition family.

The proposed cost estimating model, definitions of the mathematical
notation used, and accompanying rationale and procedural explanations
are included in section IIIB. Due to the level of detail at which
cost estimates are generated, it is intended that the model be exercised
by computer. Therefore, this section is confined to a general descrip-
tion of the coverage provided by the model and the estimating algorithm.

The estimating model covers the cost elements of industrial produc-
tion equipment (IPE), special initial tooling, and test and measuring
equipment for ammunition at the component and load, assemble, and pack
(LAP) levels over the 20mm - 60mm medium-bore and the over 60mm - 152mm
tank main armament size ranges. Separate estimates can be obtained
for the last two cost elements if the estimate guidance precludes
the inclusion of IPE. The components and size ranges covered are shown
in the following table.

TABLE II-I NONRECURRING INVESTMENT COST MODEL COVERAGE

Over 30mm Over 60mm
20- 30mm - 60mm - 152mm
IPE o -
Projectile (HE, AP, and TP) X X x Y
Link X
Box X
LAP X X X
Cartridge Case X X X
Fuze X X X
INITIAL TOOLING
Projectile (HE, AP, and TP) X X X 1/
Link X
Box X
LAP X ) | X
Cartridge Case X X X
Fuze X




‘ Over 30mm Over 60mm
20- 30mm - 60mm = 152mm

TEST AND MEASURING EQUIPMENT

Projectile (lE, AP, and TP)
Link

Box

LAP

Cartridge Case

Fuze

PR KK

X
X
X

e

1/ There is no AP projectile in the 152mm family of ammunition.

Once the mobilization plan has been determined, and the IPE short-
fall in terms of scheduled numbers of rounds has been specified at the
component level, the annual production quantity of each component
requiring IPE or initial tooling and test and measuring equipment is
used as input to the estimating model. The required additional inputs
are the assumed number of production shifts per day, projectile length
and diameter, cartridge case length, and number of rounds per box.

An estimating data base is included in the model as matrices which
provide listings of IPE, equipment-unit costs, equipment-production
capacities per shift, and average unit-tooling costs per equipment item.
The matrices are shown in section IIIB as Tables III-2 through III-33.
Estimates of test and measuring equipment are included in the model
also.

The capital equipment and tooling portrayed in each of the matrices
represents a way of producing a given ammunition component, based on
available descriptions of manufacture (ref 1 is typical) or as provided
by the responsible engineering agency. The processes reflect the degree
of sophistication required, dictated to a large extent by the annual
production requirements (visualize the requirements for small arm
ammunition versus tank main armament ammunition). Though this study
is based on established processes and equipment which, for all practi-
cal purposes, is currently available on the market, it is not fully
representative of any facility presently in operation.

Cost estimates are obtained through the solution of a series of
cost equations for each component and LAP. By means of the equations,
the estimating model performs the following:

a. The number of machines required is estimated based upon:

(1) annual production requirements (inputs to the model).

(2) the assumed number of shifts (inputs to the model).

(3) equipment item capacity per shift (included in the data base).

(4) the number of rounds per box when boxes are necessary (input
to the model).




(5) for ammunition over 30mm to 60mm, the model selectively applies
dimensional adjustments, employing cartridge-case and/or
projectile dimensions (inputs) for size variations which affect
equipment-production capacities. This also applies to the
alternative B, 20 - 40mm model.

b. The total cost of individual equipment items is estimated
based on the number of machines required and the equipment item unit
cost (data base).

c. The estimated cost of all equipment required for each component
and LAP is summarized. The estimated cost of test and measuring equip-
ment (data base) is added, and allowances are applied as applicable for
transportation, installation, layaway, and miscellaneous material handling
equipment included in the cost equations.

d. The cost of the initial tooling for each equipment item is
estimated based on the number of machines required and the average unit-
tooling cost per equipment item (data base).

e. The estimated cost of initial tooling for all equipment
required for each component and LAP is summarized.

The basic model intrinsicly identifies requirements for high,
medium, and low production rate capabilities to the 20 - 30mm, over
30 - 60mm, and over 60 - 152mm ranges, respectively. This identification
is made to explain why there also is presented a 20 - 40mm IPF matrix
range.

The 20 - 30mm model is based on a 25mm ammunition configuration.
A plus or minus 5mm's about the 25mm base would not affect the equipment
capacity, and thereby equipment quantities, enough to cause a significant
change in the single estimated total cost through this narrow range of
application; that is, the resulting estimate would be within acceptable
estimating tolerances.

A recent requirement for IPF estimates covering a 20 - 40mm range
and high production rate capabilities generated a separate study, the
HQ, ARMCOM, Cost Analysis Division, Technical Report CPE 76-3. entitled:
Modified Cost Estimating Model for 20 - 40mm Automatic Cannon Ammunition
Initial Production Facilities, Apr 76. Simply stated, this effort
primarily consisted of applying dimensional adjustments to the basic
20 - 30mm model to account for size effect on equipment capacity and
extending the model to include 40mm ammmition. This means of adjust-
ment is similar to that applied to the basic over 30 - 60mm model.

The results of the above are presented in section III as alternative
A, covering the 20 - 60mm range; and alternative B, covering the 20 - 40mm
model. The latter are extracted directly from Technical Report CPE 76-3.




2a Use of the IPF Model to Estimate Cost

Due to the level of detail at which cost estimates are generated,
it is intended that the IPF model be exercised by computer. However,
to illustrate its use, a simplified example is presented below.

To manufacture an ammunition component, a production line is req-
uired, comprised of an assortment of capital equipment items (line-of-
balance) and associated special tooling. From the aggregate of equip-
ment displayed in the simplified table below, it will be demonstrated
how a line-of-balance is developed for a given production requirement.
The table identifies each item of capital equipment required, its unit
cost in thousands of dollars, its annual capacity/shift in millions of
units, and the associated unit cost of tooling in thousands of dollars.
It is noted that the average cost per set of tooling decreases as the
quantity of tool sets required increases.

Equipment Equipment Equipment Avg Tooling Cost/Set

No. Item Unit Cost Capacity/Shift 1 2 3 4
1 Auto Screw Mach $787 0.4 7.7 5.6 4.0 4.0
2  Centerless Grinder 36 2.5 4.4 3.3 2.9 2.9
3 35 Ton Press 15 1.7 2.2 1.7 1.5 1.5
4 Rotary Trimmer 21 1.9 0.8 0.7 0.6 0.6
5 Paint Mach 44 2.3 0 0 0 0

Given an annual production requirement, the quantity of each item
of equipment needed to meet this demand is determined by dividing each
equipment item's capacity into this requirement. If this quotient
contains a fraction, it is rounded to the next larger integer.

Multiply the quantity of each item of equipment determined above by
its unit cost. The sum of these products is the total estimated cost
for the capital equipment items required to meet the stated demand.

This summation is now multiplied by a factor to account for layaway
costs, installation and transportation costs, and miscellaneous material
handling equipment costs as appropriate. To this adjusted summation is
added the cost for test and measuring equipment (TME).

The estimated cost for tooling is determined in the same fashion,
using the quantity of equipment items previously determined and the
average unit tooling costs shown for the varying quantity of equipment
items. The factors for layaway, installation and transportation,
miscellaneous material handling equipment, and TME are not applicable to
the tooling cost estimate.




Applying the above methodology to a requirement of five million
units a year and a one-shift operation, the following results:

I[tem Equipment Qty Total Equip Cost Total Tooling Cost

No. Calculated Rounded In _Thousands In Thousands
1 12.5 13 $1,014 $52.0
2 2.0 2 12 6.6
3 2.9 3 45 4.5
4 2.6 3 63 1.8
5 2.2 3 132 0
$1,326 $64.9

The total cost of the equipment required is $1,326K. This is
now multiplied by 1.155, to account for transportation and installation
at five percent and layaway at ten percent, resulting in an estimated
cost of $1,532K. The total estimated cost equates to $1,649K (consisting
of the $1,532K plus $52K for T™E plus $65K for tooling).

The foregoing example represented a one-shift operation. If a
two- or three-shift operation is to be considered, simply divide the
quotient previously determined by the number of shifts being considered.
This new quotient is rounded up as previously discussed, resulting in
the new quantity of each item of capital equipment required.




C.  RECURRING INVESTMENT

1. Estimating Parameters

The recurring investment portion of the study is confined to the
contractor costs and excludes costs for in-house engineering and quality
assurance support. A deterent to preparing estimating statistics
covering support costs is the absence of an accounting system which
collects support costs allocated to the procurement of complete rounds
and components. The support costs are a minor factor of total life
cycle costs and are, therefore, not a particular problem for the esti-
mator when preparing an IPCE.

The cost estimating parameters that result from this study are
primarily supported by hard procurement data and engineering estimates.
The hard data cover procurements from 1957 through 1975. The collection
of data was conducted in accordance with the procedures outlined in
section ITICl1. Composite learhing rates were developed by component
and are presented in detail in section IIIC2. Component production
cost predictor's are recommended in accordance with the findings of
section TIIC3. Finally, a transportation CER is suggested in accordance
with section IIIC4.

The recommended composite learning rates and cost predictors for
ammunition recurring costs are:

LAP Composite learning rate is 100 percent. )

HE and HEAT ¥
LnZ = -6.8639 + 2.1143 LnX &
where: Z = Estimated unit cost in FY 74 dollars
X = Bore size in millimeters
AP
LnZ = 2.9272 - 0.000002941 X + 0.9583 LnY
where: Z = Estimated unit cost in FY 74 dollars
X = Average annual production rate in thousands
Y = Projectile mass
TP
LnZ = 4.1000 - 0.3247 LnX + 0.6453 LnY
where: Z = Estimated unit cost in FY 74 dollars
X = Average annual production rate in thousands
Y = Projectile mass

PROJECTILE Composite learning rate is 92.6 percent for HE, HEAT,
full-bore AP and TP.

HE
InZ = -1.6983 + 1.3739 LnX
where: Z = Estimated theoretical first-umit cost in FY 74 dollars
X = Bore size in millimeters




FULL-BORE AP

ILnZ = -3.9018 + 1.7971 LnX
where: Z = Estimated theoretical first-unit cost in FY 74 dollars
X = Bore size in millimeters

20-35MM SPIN-STABILIZED APDS

Depleted Uranium
Z = (7.8372 + 2.2988T) - (0.6730 + 0.1897T) LnX + (223.7385 + 72.9148T) Y

Tungsten Alloy
Z = (8.6845 + 1.6398T) - (0.9030 + 0.1620T) LnX + (728.3217 + 111.8573T) Y

Estimated unit cost in FY 75 dollars
Average annual production rate in thousands
In-flight projectile mass

Tracer cavity conditional code

where:

Z
X
Y
T

75-152MM SPIN-STABILIZED APDS

Z = Antiln(2.9061 + 0.009663X) + (85.67 + 90.66T)] Y |+ 20.68| y |0-6667
0. 2640 0.2640
where: Z = Estimated unit cost in FY 76 dollars
X = Full-bore size in millimeters
Y = In-flight projectile mass
T = Material type conditional code
FIN-STABILIZED APDS ' 0.6667
Z = Antiln(3.1417 + 0.009529X) + (116.91 + 52.80T)| Y + 16.73 Y ‘
0.2640 | 0.2640

Estimated unit cost in FY 76 dollars
Full-bore size in millimeters
In-flight projectile mass

Material type conditional code

Wonouwon

TP
LnZ
where: Z
X

-5.5868 + 2.1305 LnX
Estimated theoretical first-unit cost in FY 74 dollars
Bore size in millimeters

Wonon

EXPLOSIVE FILL Composite learning rate is 100 percent.

HE
ILnZ = -13.8378 + 3.0885 LnX
where: Z = Estimated unit cost in FY 74 dollars
X = Bore size in millimeters
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HEAT

InZ = -12.3829 + 2.6706 LnX
where: Z = Estimated unit cost in FY 74 dollars
X = Bore size in millimeters
HEP '
InZ = -3.7946 + 0.05190 X
where: Z = Estimated unit cost in FY 74 dollars
X = Bore size in millimeters

CASE Composite learning rate is 94.3 percent for brass and steel.

BRASS
LnZ = 0.6833 + 0.02674 X + 0.5731 Y
where: Z = Estimated theoretical first-unit cost in FY 74 dollars
X = Bore size in millimeters
Z = Projectile mass
STEEL
InZ = 1.0625 + 0.02063 X + 0.2022 Y
where: Z = Estimated theoretical first-unit cost in FY 74 dollars
X = Bore size in millimeters
Y = Projectile mass
ALUMINUM
Z = 0.001188 X + 0.00002852 X° + 122.9027 Y 0-6390
where: Z = Estimated unit cost in FY 75 dollars
X = Bore size in millimeters
Y = Average annual production rate in thousands
COMBUSTIBLE
LnZ = 1.2865 + 0.01015 X
where: Z = Estimated unit cost in FY 74 dollars
X = Bore size in millimeters

PROPELLANT Composite learning rate is 100 percent.

LnZ = -10.5840 + 0.01571 X + 0.7416 LnY
where: Z = Estimated unit cost in FY 74 dollars
X = Bore size in millimeters
Y = Kinetic energy
PRIMER

PERCUSSION Composite learning rate is 89.7 percent.

LnZ = 2.7957 - 2.2678 LnX + 1.3338 LnY
where: Z = Estimated theoretical first-umit cost in FY 74 dollars
X = Round application bore size in millimeters
Y = Round application momentum
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ELECTRIC Composite learning rate is 80.3 percent.

LnZ = -14.1220 + 4.0538 LnX - 0.9031 LnY
where: Z = Estimated theoretical first-umit cost in FY 74 dollars
X = Round application bore size in millimeters
Y = Round application projectile mass

LINK Composite learning rate is 100 percent.

Bore Unit Cost

Size in FY 74 dollars
7.62mm $0.0127
12.7mm 0.0467

20mm 0.2413

40mm 0.2645

FUZE Composite learning rate is 91.1 percent.

PD
LnZ = 14.0768 - 2.2258 LnX + 1.0590 LnY
where: Z = Estimated theoretical first-unit cost in FY 74 dollars
X = Round application bore size in millimeters
Y = Round application projectile mass
BD -7
LnZ = 0.6493 + 0.5905 LnX + (2.0698 x 10 ") Y
where: Z = Estimated theoretical first-unit cost in FY 74 dollars
X = Round application bore size in millimeters
Y = Round application kinetic energy
PIBD :
LnZ = -52.3486 + 11.5814 LnX - 4.0205 LnY
where: Z = Estimated theoretical first-unit cost in FY 74 dollars
X = Round application bore size in millimeters
Y = Round application projectile mass
TRANSPORTATION
LnZ = 1.5214 + 1.0029 LnX
where: Z = Estimated unit cost in FY 75 dollars
X = Projectile mass
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2. Development of a Procurement Plan for the Family of Ammunition

Independent parametric cost estimates (IPCE's) are based upon
historical cost data and those factors that accomplish the mission
of the system. One of these factors that must be considered during
the IPCE is the procurement plan for the family of ammunition being
studied.

The plan must be for the complete life cycle of the system using
the ammmnition. In developing the plan, higher headquarters should
provide guidance to ascertain levels of procurements. Before preparing
the IPCE, it is necessary to answer the following questions:

a. What will the authorized acquisition objectives (AAO's)
be for each round used by the system?

b. How many years of procurement will be required to fill
the AAO?

c. What will the annual rate of consumption be for each
round used?

d. What will the annual procurement rates be to maintain
existing AAO levels?

Special emphasis for procurement planning is addressed in
section IVB.

3. Use of Estimating Parameters to Estimate Total Cost

Use of the estimating parameters is illustrated with this detailed
example of estimating the total ammunition recurring cost utilizing the
cost predictors and composite learning rates presented in section IICl.
Since the recurring cost estimating parameters are presented at the
ammunition component level, the first step in the procedure is to estimate
the total cost of each component. The total ammunition recurring cost
is the sum of the total component costs.

Suppose a cost estimate is required for two 30mm rounds of ammunition
including a quantity of 10 million HE rounds, designated by M100, and 20
million TP rounds, designated by M200. The annual production rates are
4 million and 8 million for the M100 and M200, respectively. The M100
incorporates a point-detonating fuze. Both rounds incorporate the
same cartridge case. The physical and performance characteristics of
the two rounds are as follows:

M100 HE M200 TP
Bore size 30mm 30mm
Projectile mass (M) 0.030 0.020
Muzzle velocity (V) 3,000 fps 3,000 fps
Momentum (MV) 2 90 60
Kinetic energy (0.5MV") 135,000 90,000
Case Brass Brass
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The component total costs are estimated as follows:

LAP
HE
LnZ = -6.8639 + 2.1143 LnX; X = Bore size (mm)
= -6.8639 + 2.1143 Ln30
= 0.3273
Z = $1.387 per round
The total LAP cost for the M100 is $1.387(10,000,000) = $13,870,000.
e
InZ = 4.1000 - 0.3247 LnX + 0.6453 LnY; X = Annual production rate (K),
Y = Projectile mass
= 4.1000 - 0.3247 Ln8,000 + 0.6453 Ln0.020
= -1.3426
Z = $0.261 per round

The total LAP cost for the M200 is $0.261(20,000,000) = $5,220,000.
PROJECTILE
HE

&

-1.6983 + 1.3739 LnX; X = Bore size (mm)
-1.6983 + 1.3739 Ln30
2.9746
Z = $19.582 for the first unit
Using a 92.6 percent learning rate, the total projectile cost for the M100
is $36,855,500.

TP
LnZ = -5.5868 + 2.1305 LnX; X = Bore size (mm)
= -5.5868 + 2.1305 Ln30
= 1.6595
Z = $5.257 for the first unit

Using a 92.6 percent learning rate, the total projectile cost for the M200
is $18,324,200.

EXPLOSIVE FILL

HE
LnZ = -13.8378 + 3.0885 LnX; X = Bore size (mm)
= -13.8378 + 3.0885 Ln30
= -3.3332
Z = $0.036 per round

The total fill cost for the M100 is $0.036(10,000,000) = $360,000.
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CASE

HE and TP-Brass

LnZ = 0.6833 + 0.02674 X + 0.5731 Y; X = Bore size(mm), Y = Projectile mass
= 0.6833 + 0.02674(30) + 0.5731(0.030)
= 1.5027
Z = $4.494 for the first unit

Using a 94.3 percent learning rate, the total cost for the M100 and M200
is $34,283,600.

PROPELLANT
HE
LnZ = -10.5840 + 0.01571 X + 0.7416 LnY; X = Bore size(mm), Y = Kinetic energy
= -10.5840 + 0.01571(30) + 0.7416 Lnl135,000
= -1.3522
Z = $0.259 per round
The total propellant cost for the M100 is $0.259(10,000,000) = $2,590,000.
TP
LnZ = -10.5840 + 0.01571(30) + 0.7416 Ln90,000
= -1.6528
Z = $0.192 per round
The total propellant cost for the M200 is $0.192(20,000,000) = $3,840,000.

PRIMER

HE and TP-Percussion

LnZ = 2.7957 - 2.2678 LnX + 1.3338 LnY; X = Bore size(mm), Y = Momentum
= 2,7957 - 2.2678 Ln30 + 1.3338 Ln90
= 1.0843
Z = $2.957 for the first unit

Using an 89.7 percent learning rate, the total primer cost for the M100 and
M200 is $7,071,100.

LINK

Based upon historical unit costs of $0.2413 for 20mm links and
$0.2645 for 40mm links, a 30mm link is estimated to cost $0.253.
The total link cost for the M100 and M200 assuming 30 million
links is $0.253(30,000,000) = $7,590,000.

FUZE

HE-PD
LnZ = 14.0768 - 2.2258 LnX + 1.0590 LnY; X = Bore size(mm), Y = Projectile mass
14.0768 - 2.2258 Ln30 + 1.0590 Ln0.030
2.7930
Z = $16.330 for the first unit
Using a 91.1 percent learning rate, the total fuze cost for the M100
is $21,595,700.

wonwonn
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TRANSPORTATION

HE
InZ = 1.5214 + 1.0029 LnX; X = Projectile mass
= 1.5214 + 1.0029 Ln0.030
= -1.9953
Z = $0.136 per round

The total transportation cost in FY 75 dollars for the MI100 is
$0.136(10,000,000) = $1,360,000. The M100 transportation cost in
FY 74 dollars is 0.83($1,360,000) = $1,128,800.

5
InZ = 1.5214 + 1.0029 Ln0.020
= -2.4020
Z = $0.091 per round

The total transportation cost in FY 75 dollars for the M200 is
$0.091(20,000,000) = $1,820,000. The M200 transportation cost in
FY 74 dollars is 0.83($1,820,000) = $1,510,600.

The total ammunition recurring cost in FY 74 dollars by round is
sumnarized below. The case, primer, and link total costs are apportioned
to the M100 and M200 rounds based upon the quantity of each round.

(Costs in millions)

M100 HE M200 TP
LAP $13.870 $ 5.220
Projectile 36.856 18.324
Explosive Fill 0.360 NA
Case 11.428 22.856
Propellant 2.590 3.840
Primer 2.357 4.714
Link 2.530 5.060
Fuze 21.596 NA
Transportation 1.129 1.511
TOTAL $92.716 $61.525

The total ammunition recurring cost is estimated at $154.241 million
in FY 74 dollars.
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ITI. SIUDY METHODOLOGY

A.  SPECIAL AMMUNITION PROCUREMENT CONSIDERATIONS

The uniqueness of ammunition procurement practices is attributed
to the number of manufacturers involved. It is not uncommon to find a
mixture of contractor owned contractor operated (COCO) plants, Government
owned contractor operated (GOCO) plants, and Government owned Government
operated (GOGO) arsenals providing components that will become an
integral part of an ammunition round. The schematic in this section
depicts the type of producers involved in manufacturing ammunition.

The bulk of production, which includes small arms ammmition items,
artillery and mortar rounds, bombs, and fuzes, is done by GOCO plants.
Basically, ammunition plants are classified into five categories:

a. Load, Assemble, Pack (LAP)

b. Propellants and Explosives (P§E)
c. Small Arms Ammunition (SAA)

d. Metal Parts (MPTS)

e. A plant with more than one of the above categories or multi-
product use.

The types of contracts awarded to a plant vary. The LAP, PgE,
SAA and multi-purpose plants operate under a cost-reimbursable contract
with either fixed or incentive fee. The MPTS plants operate under a
firm-fixed-price contract.

Because there is no single producer of the components that are used
in the ammunition market, estimating the price is difficult. Consequently,
the likelihood of incurring many different price combinations exists.

For example, assume that 15 manufacturers are capable of producing
components needed for a specific ammunition round. Using various combina-
tions of producers can result in 288 different price combinations. Price
combinations and the uncertainty of when inventory costs were incurred
make it difficult to estimate the exact price of an ammunition round.
Certain components may be procured two years before becoming an integral
part of the round. The complete cost for the end item can be determined
only when consideration is given to costs incurred by all producers
involved in the manufacturing process. [t is for this reason that indi-
vidual components have been costed separately in this study.

The productive orientation of ammunition at the component level

influences this project and other estimators in both the IPF and
production costs.
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In the IPF area the industrial production base for mobilization is
established, maintained, modernized and expanded on the bases of compo-
nent demand. The completed round is important only to the extent that
it contributes, along with other total rounds, to the demand of the
particular component. The Army does not provide TNT capacity for the Ml
105mm HE howitzer projectile. Capacity is based upon total TNT demand.

The consequences of this special consideration are that the preparer of
cost models or IPCE's must make certain that the IPF involved considers

the marginal increase in capacities and does not duplicate capacities

that are already available in the industrial production base for ammunition.

In the production cost area these special considerations probably
have the largest impact on the cost estimator. First, the data collec-
tion problems are greatly complicated because many manufacturers may
have produced a component within a given round. Second, assuming that
the first collective problem is solved and the data are cross referenced
and properly nomalized for inflation, the estimator must determine the
most likely learning rate from a myriad of manufacturers, producing over
widely varying time periods and output rates. Finally, the estimating
procurement method cannot possibly be duplicated in reality when the
ammunition is finally procured because of the artificiality of the esti-
mating assumptions. The following portions of section III should be
read in light of these special procurement considerations.

B.  NONRECURRING INVESTMENT

The nonrecurring investment cost elements, for which equations are
provided in the IPF cost model, are shown in Table III-1. In addition
to the total nonrecurring investment cost, the model provides for the
calculation of each of the cost elements shown in the table, including
industrial production equipment (IPE), initial tooling, and test and
measuring equipment for each of the ammumition components shown. All
costs are in thousands of FY 74 or FY 75 constant dollars.

The IPF cost model presented herein would normally be used to
estimate costs based on the mobilization requirements rather than
peacetime requirements. This overstates the IPF requirements and costs
for peacetime production, but satisfies the conditions dictated by the
mobilization base plan.

The model is structured so that computer programing can provide for
separate calculation of the estimated costs of initial tooling and test
and measuring equipment, to the exclusion of IPE. This is predicated
on the basis that, for a given ammunition program, the Government will
not buy capital equipment but will incur costs for special tooling and
gages unique to the ammunition being procured.

18




61

HIGH EXPLOSIVE COMPLETE
AMMUNITION ROUND

PROPELLANT

TNT - COMP B
GOCO GOCOs
GOGO
i .
& s/ /s 5 / ' \
\\(;?-((n & ¢ "' }
J\ f

PRIMER
GOCO

CARTRIDGE CASE
PRIVATE INDUSTRY

PROJECTILE METAL PARTS

FUZES
GOCO

PRIVATE INDUSTRY

|
I

SUPPLEMENTAL CHARGE

PRIVATE INDUSTRY
GOGO

GOCO




TABLE ITI-1
NONRECURRING INVESTMENT COST ELEMENTS

Medium Bore: Alternative A

20mm- 30mm
PR
1. Projectile (HEIT, APT, TPT, and APSSDS)
2. Link
3. Box
4. LAP
5. Cartridge Case (Steel and Aluminum)
6. Fuze

Initial Tooling

Projectile (HEIT, APT, TPT, and APSSDS)
Link

Box

LAP

Cartridge Case (Steel and Aluminum)

[

(S0 ~ I N 3N

Over 30mm-60mm

IPE
Projectile (HET, APT, and TPT)
LAP

Cartridge Case (Steel)
Fuze

SN -

Initial Tooling
1. Projectile (HET, APT, and TPT)
2. LAP
3. Cartridge Case (Steel)

Medium Bore: Alternative B

20mm- 4 Omm
IPE
1. Projectile (HEIT, APT, and TPT)
2. Link
3. Box
4. LAP
5. Cartridge Case (Steel and Aluminum)
6. Fuze

Initial Tooling

Projectile (HEIT, APT, and TPT)
Link

Box

LAP

Cartridge Case (Steel and Aluminum)
Fuze

QN 1 BN

20




Tank Main Armament

Over 60mm-152mm

IPE
Projectile (HET, APT, and TPT)
LAP (Metal and combustible cartridge cased)

Cartridge Case (Steel, spiral wrap, brass, and combustible)
Fuze

B S
o« @ &

Initial Tooling
Projectile (HET, APT, and TPT)
LAP (Metal cartridge cased)

Cartridge Case (Steel, spiral wrap, brass, and combustible)
Fuze

BN
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1. Assumptions and Constraints

a. The initial production facilities (IPF) model excludes
certain costs which may be incurred on a given ammunition program,
but remain for the individual estimator to resolve as required.
These are as follows:

(1) The model assumes no new construction - This element includes
the costs of real property construction (buildings, utility systems,
installed building equipment, etc.), real estate acquisition and/or
improvements, and other production base support activities under the
cognizance of the Corps of Engineers; and non-production equipment such
as office machines and equipment. Therefore, the model is confined to
IPF as defined in section 2 below.

(2) The model assumes propellants and explosives (P§E) are availa-
ble The IPF portion of the Army's industrial production base is esta-
blished, maintained, modernized, and expanded on the basis of component
demand. The completed round is important only to the extent that it
contributes, along with other total rounds, to the demand for the
particular components. For example, the Army does not provide TINT
capacity for a specific HE projectile; rather, capacity is based upon
total TNT demand. This is a different situation than IPF for metal
parts production and complete-round LAP, where discrete production bases
are required in support of components for a specific family of rounds.
The consequence of this special consideration is that the estimator must
make certain that the industrial plant equipment (IPE) involved reflects
the marginal increase in capacities and does not duplicate available,
uncommitted capacities. Owing to this marginality, the various P§E
items and combinations thereof, and the multitude of planned moderniza-
tion and expansion projects, the PGE area has been excluded from the
current model.

(3) The model assumes the acquisition of all new capital equip-
ment, a worst case condition for all but one component (depleted uranium
penetrator) The model is intended to be used very early in an items
life cycle (LC); i.e., the conceptual phase. It covers the cost elements
of IPE, special initial tooling, and test and measuring equipment. The
model is versatile to the extent that separate estimates can be obtained
for the last two elements if, this early in the items LC, the estimate
guidance precludes the inclusion of IPE. This, obviously, implies the
existence of a coordinated effort between the appropriate agencies. The
model assumes a worst case condition from which the estimator may deviate
via changing the data base, subroutines, new models, etc.; but here
again, judiciousness is imperative due to the LC position of the estimate.
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(4) The model does not address material handling/control systems -
The specific plant layout, and the production rate, quantity, and physical
bulk of the ammunition components being produced have, singly or in
combination, a significant impact on the selection of this type of
equipment. The equipment could vary from very simple (almost none)
to very special (approaching fully automated handling). A general-purpose
model intended to be applicable early in the system life cycle over a
potentially wide range of the foregoing conditions, would require a series
of subroutines to reflect varying degrees of equipment/control system
automation. These have not been developed, but are under consideration
for a future study. However, an allowance for miscellaneous material
handling equipment is included in the LAP IPF model.

b. The matrices presented for IPF are founded on the following:
(1) A working shift is eight hours per day, five days per week (1-8-5).

(2) Equipment capacities, based upon the practices and efficiencies
depicted in the descriptions of manufacture (ref 1 is typical), are assumed
to be currently valid, except where specific process elements were known
to be obsolete. In these instances an appropriate change was made.

(3) There is no reduction in unit price for capital equipment due to
a quantity buy. There generally is a reduction in unit price for tooling
due to a quantity buy.

c. Although the IPF model is based on established processes and
equipment currently available on the market, it is not intended to
represent any facility either proposed or currently in operation. However,
the manufacturing processes shown are similar to the equivalent processes
described in the references (ref 1 is typical).

d. The model is intended to provide IPF estimates in support of
decision making early in the acquisition phase. It is not intended to be
used for budget/program estimates or for production planning purposes.

e. The model makes no provision for standby production equipment to
preclude line shutdown in the event of equipment breakdown. Additionally,
no allowance is made for preventive maintenance.

f. For very high or very low production rates, as compared to
historical requirements for camparable components and sizes, it is recommended
that the estimator verify the adequacy of the production methods reflected
in the model with appropriate ammunition production base personnel.

g. The model generates a parametric estimate driven by known or

assumed component overall dimensions, and does not reflect the impact of
discrete design detail.
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h. The model contains no stated upper or lower limits for dimensions
other than caliber. However, practical considerations of production methods
and equipment requirements will constrain useful application of the model
to ammmnition that is appropriate for the specified calibers and types of
ammunition listed in the data base.

i. That climatic control equipment necessary to the manufacturing
and LAP of combustible cartridge case ammmition is not included in the

model and is considered to be accountable to new construction (building)
costs.

j. All costs are identified to FY 74 or FY 75 constant dollars.
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2. Definitions

a. Line-of-balance: That array of capital equipment necessary
to produce a given quantity of a specific item or product.

b. Initial Production Facilities (IPF): For the purpose of
this study, IPF is defined to include only the following: capital
equipment, also referred to as industrial plant equipment (IPE),
tooling, test and measuring equipment (TME), layaway cost, installation
cost, and transportation cost.

c. Capital Equipment: Plant equipment with an acquisition cost
of $1,000 or more, involved in manufacturing operations for the purpose
of cutting, grinding, shaping, joining, heating, treating, or otherwise
altering the physical, electrical or chemical properties of materials,
components or end items; e.g., a 200 ton hydraulic press.

d. Tooling: An item fitted to a unit of capital equipment for
the purpose of imposing a specific configuration to some item of material,
a component or end item; e.g., a form die to be used on a 200 ton
hydraulic press. Also included are the appropriate jigs and fixtures.

e. Test and Measuring Equipment (TME): Process inspection gages

and specialty equipment (i.e., X-ray equipment), and two sets of inspec-
tion and acceptance gages.

25




3. Medium-Bore
a. Alternative A: 20mm-60mm
(1) 20mm- 30mm
(a) Industrial Plant Equipment (IPE)

The IPE (machine tools and processing equ1pment) required for
the manufacture of a 20-30mm ammunition family is shown in Tables III-2
through III-11. The equipment lists were synthesized in a previous study,
reference 49, by analyzing the manufacturing processes necessary to
produce this ammunition. An adjustment factor of 1.12 was used to inflate
equipment unit costs from FY 73 dollars to FY 74 dollars. It was developed
from a detailed review of the production base support procurement requisi-
tion order numbers (PRONS) for FY 74 on ARMCOM projects. The price changes
on the PRONS indicate a change of 12 percent through the fiscal year. In
addition to the equipment costs obtained from Tables III-2 through III-11,
the cost model selectively includes allowances for test and measuring
equipment, transportation, installation, and layaway costs. The tables
also include special initial tooling costs for each equipment item. Initial
tooling required by the IPE was developed by analyzing the manufacturing
processes and equipment requirements, and was inflated from FY 73 dollars
to FY 74 dollars.

Tables III-2 through III-11 constitute matrices from which cost
values and equipment capacities required for solution of the cost equations
are selected. The notation used in the cost equations applies to each
matrix. Since the cost of a fuze line is provided at the summary (total
line) level, there is no matrix for fuzes. The explanations given below
include the notation for initial tooling. The over 30-60mm sizes use
the same notation as the 20-30mm group, but they also employ additional
notation unique to the model for ammunition sizes over 30-60mm.

Subscripts

i is a matrix row: a specific item of equipment and
associated initial tooling.

j is a matrix colum: it refers either to equipment unit
cost, annual equipment capacity per shift, or average
unit initial tooling cost.

k is the specific matrix: e.g., when k=1, the HEIT
Projectile matrix, Table III-2, is specified.

t a conditional code specifying CER's for APSSDS projectiles,

with or without tracer cavities, to equipment or initial
tooling cost catagories.
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Symbols

Ck is the number of working shifts assumed in the estimate
for the ammunition component identified by the value of
k, where a shift is eight hours per day, five days per
week (1-8-5). When one shift is assumed, Ck is given

the value of 1; similarly, Ck=2 and Ck=3 for two and

three shifts, respectively. An additional adjustment
to the value of Ck can be made if the estimate is to be

based on a working shift other than eight hours per day
and/or five days per week. For example, if the shift
desired is 2-8-6, Ck=2 (6/5)=2.4; or, for a 2-10-5 shift,

€y =2 (10/8) = 2.5.

Qk is the annual production quantity of the ammunition component
specified by the value of k in millions.

is the numerical value (equipment or unit initial tooling

cost, or equipment capacity) located at the intersection

of row i and colum j of matrix k; e.g., X3 2.1 provides
r=n

i,j,k

the value 1.700 million rounds as the annual capacity per
shift for the centerless grinder required to produce the
HEIT projectile.

Ni X is the required quantity of the equipment item specified
. by row i of matrix k. In the solution of the model, this
factor represents either the quantity of each equipment
item or the number of sets of initial tooling associated
with each equipment item. For example N3 1 represents the
’

number of centerless grinders, each grinder having an
annual capacity of CIXS 2.1 rounds, required to produce
t B ]

Q1 HEIT projectiles. This value is rounded to the next

larger integer (number of whole equipment items). For
example, if the cost equation for Ni X yields a value of

2.005, then Ni X is rounded to 3.

is the total cost in thousands of dollars of the equipment
item specified by row i of matrix k, or its associated

initial tooling; it is a function of Ni,k and xi,j,k'

i,k
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Symbols

i,k

NS; x

i,k
5 x

i,k

Sy

1s the total cost in thousands of dollars of the
equipment, or its associated initial tooling, needed
to meet production requirements of the ammunition
component specified by the value of k. It represents

the sumation of previously-calculated values of Yi K
’

When applied to IPE, it includes the selective allowances
for transportation, installation, layaway, and miscella-
neous material handling equipment.

is the total cost in thousands of dollars of test and
measuring equipment (IME) required for the component
specified by the value of k.

as defined by Tk’ not related to any matrix, and as
further defined where used.

the total cost for TME requred at equipment item i
of matrix k.

as defined for Ni X but exclusive to the sabot portion
of the armor piercing spin stabilized discarding sabot
projectile (APSSDS).

as defined for Ni K but exclusive to the tungsten alloy

b

penetrator portion of the APSSDS projectile.

as defined for Yi,k but exclusive to the sabot portion
of the APSSDS projectile.

as defined for Yi,k but exclusive to the tungsten alloy
penetrator portion of the APSSDS projectile.

as defined for Yk but exclusive to the sabot portion of
the APSSDS projectile.

as defined for Yk but exclusive to the tungsten alloy
penetrator portion of the APSSDS projectile.

is the total additional cost, in thousands of dollars,

to modify production lines already in existence to

meet depleted uranium (DU) penetrator production require-
ments for APSSDS projectiles, or its associated initial
tooling.
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Symbols

YST the total cost of all items of equipment, or its
associated initial tooling, necessary to meet the
APSSDS projectile (with tungsten alloy penetrator)
production requirements.

YSU the total cost of all items of equipment, or its
associated initial tooling, necessary to meet the
APSSDS projectile (with DU penetrator) production
requirements.

R is the number of rounds per metal ammmition box
known or assumed for the estimate.

P is the multiplier representing the percent increase
in the tooling cost due to an increase in the
ammunition box volume.

Using the foregoing notations, the cost equations by ammmition
component are as follows:
1. Projectile
HEIT, APT, and TPT (k=1, 2, and 3, respectively)

U

N, = K (1]
Lk GX; 5 x

[}

where: Ni A the required equipment item quantity as previously
d defined, rounded to the next larger integer; e.g.,
if Qk s Ckxi,z,k = 2.005, then Ni,k is rounded to 3.

Qk = annual production-quantity requirement as previously
defined. NOTE: Q1 (HEIT projectile), Q2 (APT projectile),

and Q3 (TPT projectile) represent unique input
variables.

Ck = the assumed number of shifts.

X 2% - the annual capacity per shift of equipment item i
1s&s in matrix k.
Yo ™ Nk, [2]

where: Yi X the total cost of equipment item i used to produce
’ the component k.

29




SYMBOL

N. = value from equation [1].
ik
Yi 1.k - unit cost of equipment item i used to produce the
’e component k.
Y, =2 Yi,k(l.ISS) +* T, [3]
where: Yk = the total cost of all equipment items necessary to

meet the production requirements of each projectile
plus the cost of test and measuring equipment.

-~
]

. values from equation [2].
i,k

1.155

1.1(1.05), an additional 5 percent allowance for
transportation and installation, and 10 percent for
layaway costs. NOTE: The transportation and installa-
tion allowances were provided by the US Army Production
Equipment Agency. The layaway allowance was provided
by the Industrial Management Division of the Procure-
ment and Production Directorate at ARMCOM. It consists
of 6 percent for preservation and 4 percent for crating,
handling, and transportation. If layaway is on the
site, only the 6 percent. factor is applicable; however,
the 10 percent factor is used in the model to yield

a conservative estimate based upon the assumption that
on-site layaway versus plant clearance is not known at
the time that the estimate is being made.

Tk = Total cost of test and measuring equipment (IME), and is
equal to 24.0 for k=1 and 2, and 22.5 for k=3.

APSSDS (Sabot, k=4; penetrator k=5 or CER)

The armor piercing spin stabilized discarding sabot
(APSSDS) projectile is made up of two components which must be separately
estimated and then summed to arrive at the total estimated cost for the
complete projectile IPE. These components are the sabot and the
penetrator. Furthermore, there is the option of furnishing equipment
to produce projectiles with or without tracer capability. The latter
would be used when it was known or assumed that there would never be
a requirement for tracer capability. The matricies and CER's cover
a 20mm through 35mm size range, and yield estimated costs in FY 75
dollars.

Q4

NS. , = —— [4]
i,4 C4xi’j’4
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where: NS. ,=
i,4

e
F=9
I

where: YSi,4 =

NS; 4 =

Xi1,8 "

where: YS4

—
et
(%]
v
1)

where: NT. .=
1e5

the required equipment item quantity, needed to
produce the sabot, rounded to the next larger integer.

The annual production quantity requirement.
The assumed number of shifts.

The annual capacity per shift of equipment item i used
to produce sabots. NOTE: i ranges from 1 through 13
when tracer capability is not required, and 1 through 15
when it is required.

j=2 for 20mm

j=3 for over 20-25mm

j=4 for over 25-30mm

j=5 for over 30-35mm

YS = NS, X [5]

1,4 i,471,1,4

The total cost of equipment item i. NOTE: i ranges
from 1 to 13 without tracer, and 1 to 15 with tracer.
The value from equation [4].
The unit cost of equipment item i.
YS, = ZYSi’4(1.155) + T, [6]
The total cost of all items of equipment necessary
to meet the sabot production requirement, plus the
cost of test and measuring equipment.
The values from equation [5], and as limited by i.
1.1(1.05), an additional 5 percent allowance for

transportation and installation, and 10 percent for
layaway costs.

19.5 for T™E.
Qs
N s = X, ¢ 7]
571,j,5

The required equipment item quantity, needed to
produce tungsten penetrator, rounded to the next
larger integer.

The annual production quantity requirement.

The assumed number of shifts.
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X, . .=
1,3,5

i,5

X;,9,5

where T5

Tis

where: YTS

LR

1.155

[}

"

The annual capacity per shift of equipment item i
used to produce tungsten alloy penetrators. NOTE:
i ranges from 1 through 7 when tracer capacity is not
required, and 1 through 8 when it is required.

j=2 for 20mm

j=3 for over 20-25mm

j=4 for over 25-30mm

j=5 for over 30-35mm

YT 5= NI 5% 105 (8]

The total cost of equipment item i. NOTE: 1 ranges
from 1 to 7 without tracer, and 1 to 8 with tracer.

The value from equation [7].
The unit cost of equipment item i.

Ti 5% g5* N X g5 (9]

The total cost for test and measuring equipment (IME)

required at equipment item i of matrix k=5 and as
limited by i.

A one time cost for TME.
The value from equation [7].
The unit cost of in process TME.
T5 = zTi,S [10]
The total cost of all TME required to meet production
requirements of the ammunition component specified by
the value of k, and as limited by 1i.
The value from equation [9].

YT, = IZYTi’S(l.ISS) + T [11]

5

The total cost of all items of equipment necessary to
meet the tungsten alloy penetrator production require-
ments, plus the cost of test and measuring equipment.
The value from equation [8], and as limited by 1i.
1.1(1.05), an additional 5 percent allowance for trans-
portation and installation, and 10 percent for layaway
costs.

The value from equation [10], and as limited by 1i.
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Depleted Uranium Alloy Penetrator (DU)

Most of the detailed data available, especially that related to
yields, capacities, etc., from National Lead of Ohio (NLO), are
classified confidential (restricted) by the Energy Research and Devel-
opment Agency. Therefore, the data and resultant CER's below do not
yield "worst case' conditions which are otherwise typical throughout
the IPF portion of this study. They do not apply to the establishment
of a new facility, but reflect only the additional costs necessary to
modify production lines already in existence at the GOCO manufacturing
facility at NLO.

The estimated costs for additional capital equipment and tooling,
identified as actual cost in the CER data displayed below, are for a
generic 25mm Vehicle Rapid Fire Weapon System (VRFWS) armor piercing,
spin stabilized, discarding sabot (APSSDS) projectile, and are based
on 30mm GAU-8 data obtained from NLO. Independent estimates were then
developed for 20mm, 30mm, and 35mm penetrators of similar design. Also,
the estimates identify penetrators as being with or without tracer
cavities.

The cost equation and CER's, expressed in FY 75 dollars, are:
YU = 1.155 Antiln Zt + T [12]
where: YU

The total additional cost to modify production lines
already in existence to meet DU penetrator production
requirements, plus the cost of TME.

Antiln Zt The estimated additional IPE costs, where t=1 and t=2,
represent the DU penetrator with (equation [12.1]) or

without (equation [12.2]) tracer cavities.

1.103 1.1(1.05), an additional 5 percent allowance for
transportation and installation, and 10 percent for

layaway costs.
T = The total cost of TME is assumed to be zero, since only

additional IPE and tooling are estimated and the TME 1is
considered to already be on site.
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CER for DU Penetrator
With Tracer Cavity

LnZ1 = 4,.0188 + 0.5406 LnX + 0.3547 Y [12.1]
where: Z1 = Estimated additional IPE cost in FY 75 thousand dollars.
X Full-bore size in millimeters.

<
non

Annual production rate in millions.

Statistics:
Coefficients of determination
Multiple = 0.942

Partial
ZX.Y = 0.419
ZY.X = 0.940
XY = 0.000

Standard error of estimate in Ln form = 0.147
Mean absolute percent deviation = 11.5
Passes F test at 99 percent level of confidence

N =16
CER DATA

Full-Bore Production Actual Estimated

Size (mm) Rate Per Year (M) Cost (K) Cost (K)
20 0.312 $ 352.2 $ 313.9
20 0.832 352.2 377.4
20 2.080 700.6 587.6
20 4.160 1,076.0 1,228.9
25 0.312 325.2 354.1
25 0.832 515.4 425.8
25 2.080 705.6 663.0
25 4.160 1,266.2 1,386.4
30 0.312 330.2 390.8
30 0.832 520.4 469.9
30 2.080 895.8 731.6
30 4.160 1,456.4 1,530.0
35 0.312 335.2 424.7
35 0.832 525.4 510.8
35 2.080 900.8 795.2
35 4.160 1,646.6 1,663.0
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CER for DU Penetrator
Without Tracer Cavity

Ln22

where: Z2 = Estimated additional IPE cost in FY 75 thousand dollars.

3.8864 + 0.4649 LnX + 0.2848 Y [12.2]

X Full-bore size in millimeters.
Y = Annual production rate in millions.

Statistics:
Coefficients of determination
Multiple = 0.955
Partial
ZX.Y = 0.518
ZY.X = 0.953
XY = 0.000
Standard error of estimate in Ln form = 0.104
Mean absolute percent deviation = 8.1
Passes F test at 99 percent level of confidence

N = 16
CER DATA

Full-Bore Production Actual Estimated

Size (mm) Rate Per Year (M) Cost (K) Cost (K)
20 0.312 $225 $214.4
20 0.832 225 248.7
20 2.080 400 354.8
20 4,160 575 641.5
25 0.312 225 237.9
25 0.832 315 275.8
25 2.080 405 393.6
25 4.160 665 11 .7
30 0.312 230 258.9
30 0.832 320 300.2
30 2.080 495 428.4
30 4,160 755 774.6
35 0.312 235 278.1
35 0.832 325 322.5
35 2.080 500 460.2
35 4,160 845 832.2
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where: YST =

where: YSU =

The total cost of all items of equipment necessary to

meet the APSSDS projectile with tungsten alloy penetrator
production requirements, plus the cost of TME, and as
limited by 1i.

All other values are as provided by equations [6] and [11].

YU = [ YS; , + Antiln z,] (1.155) + T, + T [14]
The total cost of all items of equipment necessary to
meet the APSSDS projectile with depleted uranium (DU)
penetrator production requirements, plus the cost of
TME, and as limited by i.
All other values are as provided by equations [6] and [12].

2. Link (k=6)

where: Ni 6

i,2,6

where: Y

i,6

i,1,6
where: Y

i,6
1.155

1

N_ = ___Q_6__. [15]
Lt - Gl 2.6

The required equipment item quantity rounded to the
next larger integer.

The annual production quantity requirement and is the sum
of Ql’ QZ’ Q3, and Q4, or is set equal to zero if

link-production equipment is assumed to be in existence
or is otherwise not required.

The assumed number of shifts.

The annual capacity per shift of equipment item i used
to produce links.

Y6~ N 600,16 [16)

The total cost of equipment item i used to produce
links.

The value from equation [15].
The unit cost of equipment item i used to produce links.

Y = ZYi,()(l.lSS) + T [17]

6

The total cost of all equipment items necessary to meet
link production requirements, plus the cost of TME.

Values from equation [16].

1.1(1.05), an additional 5 percent allowance for
transportation and installation, and 10 percent for
layaway costs.

26.9 for TME.
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jw
8
3

100

where: Yi 7

i,7

. s

where: Y

i,7
1.155

it

100Q.,

M, T TE R -

the required equipment item quantity rounded to the
next larger integer.

Q1+Q2+Q3+Q4, the annual box production-quantity requirement,

expressed in millions of rounds. (See note, bottom of
Table I1I-8); Q7 is set equal to zero if box-production

equipment and tooling are assumed to be in existence or
is otherwise not required.

the assumed number of shifts.

the annual capacity per shift of equipment item i in
matrix k where k=7. This is expressed in millions of
rounds.

the number of rounds per box known or assumed for the
estimate. See Note below.

the number of rounds per box assumed in establishing
the matrix k=7.

Y X

1,7 =N, 7%,1,7 [19]

the total cost of equipment item i used to produce
ammmition boxes.

the value from equation [18].

the unit cost of equipment item i used to produce
ammmnition boxes.

Y, = EYi,7(1.155) + T [20]

7

the total cost of all equipment items necessary to meet
ammmition box production requirements, plus the cost of TME.

the values from equation [19].

1.1(1.05), an additional 5 percent allowance for
transportation and installation, and 10 percent for
layaway costs.

10.5 for TME.
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NOTE: To aid the estimator in determining a value for R, the following
is offered: The 100 rounds per box assumed above is based on 100 rounds
of M246, HEIT, 20mm, linked ammunition which weighs 69 pounds. The box
is the M548 or an equivalent. The M548 box packed out (packing material
and 100 rounds of linked M246) weighs 91 pounds. If the estimator knows
the weight of the linked ammumition he is dealing with, he can divide its
unit weight into 69 pounds to determine how many rounds of ammunition he
can get in a box.

If the estimator is interested in bulk packed rather than linked
ammmition, the following may be used: The M548 ammmition box will hold
200 rounds of the M246 unlinked; its packed out weight is 141 pounds and
the 200 rounds of ammmition weighs 114 pounds. To determine the number
of rounds that would fit into this box, proceed as above. The preceding
assumes that the weight is reasonably proportional to the volume.

As a precaution, it is suggested that the estimator determine the
volume (in cubic feet) of the quantity (R value) determined above and
compare it to the available volume in the MS548 ammunition box. This is
to preclude the mis-stating of box capacity; since, if the round has an
aluminum cartridge case in lieu of steel and/or a discarding sabot projectile
in lieu of a convention projectile, the volume would not be reasonably
proportional to the weight.

The internal dimensions of the M548 box are 17-1/4" x 7-7/16" x
13-63/64" with a volume of 1.038 cubic feet. This volume can be increased
by fifty percent, to 1.557 cubic feet, without having any significant
effect on the capital equipment's cost or capacity. For this fifty
percent increase in volume it may be necessary to increase the tooling
cost by approximately twenty percent.

4. LAP (ke§)

Equations [1] and [2] apply to the LAP equipment, with the
subscript k=8, and Q8 = Q1 + Q2 + Q3 + Q4. The total cost summation

equation for LAP equipment is as follows:

(21]

Yg =2 Y; 4(1.2705) + Ty

where: Y8 = the total cost of all items of equipment required to
LAP the ammunition components, plus the cost of TME.
Yi g = the values from equation [2] applied to the LAP matrix,
’ Table III-9 (k=8).

1.2705 = 1.1(1.155), a 10 percent allowance for miscellaneous
material handling equipment applied in addition to the
allowances previously defined.

T8 = 38.5 for TME.
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5. Cartridge Case

Steel (k=9)

9
N. =
L9 CX; 5 g [22]

the required equipment item quantity rounded to the

where: Ni g
’ next larger integer.

Q = Q *Q *Q+Q = Qg the annual production quantity

requirement.
C9 = the assumed number of shifts.
X5 39" the annual capacity per shift of equipment item i used

to produce cartridge cases.

Alternative choices of equation [23] below are based on a variation
in the number of drawing operations and the press tonnages required for
the blanking and drawing operations, depending on the ratio of length to
diameter of the cartridge case being estimated. The former variation is
accounted for by the addition of equipment items 25 and 26 (4th draw and
4th draw trim) in Table III-10; whereas the latter variation is accounted
for by variations in affected press tonnages and the addition of a second
colum of equipment unit costs (j=2) to Table III-10 to accommodate the
higher tonnages. Under conditions a, b, and ¢, below, L is the total
length of the case in inches, and D is the projectile diameter in milli-
meters.

a. L < 35in.,, DL30mm, i=1, 2, ..., 24
Yi0 = Ny 054,10 (25.1]
where: Y. g = the total cost of equipment item i used to produce
L cartridge cases.
Ni g = the values from equation [22].
’
Xi 1.9 = the unit cost of equipment item i used to produce

cartridge cases.
b. L > 35in., D=20mm, i =1, 2, ..., 26

Yi,0 = Nji1,0%,1,0 [23.2]

where all factors are as defined in paragraph a, above.
c. L >3.5in., 200m<DS< 30mm, i =1, 2, ..., 26.

Y [23.3]

i,9 7 Ni,o%i,2,9
where all factors are as defined in paragraph a, above.
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d. Summation equation for conditions a, b, c:

Yg =3 Y g(1.155) + T [24]

9

where: Y9 = the total cost of all items of equipment necessary to
meet steel cartridge case production requirements, plus
the cost of TME.
Yi g = the values from appropriate conditional equation [23].
1.155= 1.1(1.05), an additional 5 percent allowance for
transportation and installation, and 10 percent for
layaway costs.
Tg = 54.5 for TME.

Aluminum (k=10)

The matrix for aluminum cartridge cases covers a 20mm through
35mm size range. Those data are based upon reference 93 and unpublished,
Frankford Arsenal, in-house studies. Costs are expressed in FY 74 dollars.

Qo

. = [25]
1,10~ T X; 5 10

where: Ni 10 = the required equipment item quantity rounded to the
’ next larger integer.

N

Q10 = Q1 + Q2 + Q3 + Q4 = QS’ the annual production quantity
requirement.
C10 = the assumed number of shifts.

Xi 2.10 = the annual capacity per shift of equipment item i used to
re produce cartridge cases.

Y =N. .. X [26]

i,10 i,1071,1,10

where: Yi 10 " the total cost of equipment item i used to produce
’ cartridge cases.

Ni 10~ the value from equation [25].

Xi 1.10 = the unit cost of equipment item i used to produce
¥R cartridge cases.

40




where: YIO

1.155

L2

where: Y

1,786

1.10

i,10 -

Yio = ZYi,lo(l.ISS) *+ T [27]

the total cost of all items of equipment necessary to
meet aluminum cartridge case production requirements,
plus the cost of TME.

the value from equation [26].

1.1(1.05), an additional S percent allowance for trans-
portation and installation, and 10 percent for layaway
costs.

19.4 for TME.

Line

N = [28]

1%

the number of fuze lines required to meet annual
production quantity requirements, rounded to the next
larger integer.

Ql’ the annual production quantity requirement.

the assumed number of shifts.

a constant annual production capacity per fuze line per
shift expressed in millions.

Y = N(1,786) (1.10) + T [29]
the total cost of the fuze line(s) required to meet
fuze-production requirements, including layaway cost,
plus the cost of TME.
the value from equation [28].
the average unit cost per fuze line, expressed in
thousands of dollars, comprised of capital equipment,
initial tooling, and transportation and installation
costs, but excluding layaway cost.
an additional 10 percent allowance for layaway cost.

178.6 for TME.
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(b) Initial Tooling

This cost element covers the special initial tooling required

for the IPE items shown in Tables III-2 through III-11 covering projectiles,
links, boxes, LAP, and cartridge cases. The number of sets of initial
tooling required for each equipment item i of each matrix is the same

as the corresponding equipment item i quantity previously calculated using
the IPE cost equations in section IIIB.3.a.(1).(a). (No tooling is required
for fuzes.) This quantity is expressed for IPE quantities as Ni K Given

’

the previously calculated values of Ni X’ the resulting initial tooling
cost equations' are: ’

1. Projectile
HEIT, APT, and TPT (k=1, 2, and 3, respectively)

Yik T N,k [30]
where: Yi L the total cost of the initial tooling required for
’ equipment item i of matrix k.
Ni x ™ the value from equation [1], as applicable for the
g value of k for the component being estimated.
Xi T the average unit tooling cost for equipment item i of
2L matrix k, where the value of subscript j = Ni b 2,
Yk = :ZYi,k [31]
where: Yk = the total cost of all initial tooling required to meet
production requirements of the ammmition component
specified by the value of k.
Yi k= the values from equation [30].
b
APSSDS (Sabot, k=4; penetrator, k=5 or CER)
YS. , =N. X [32]

i,4 i,471,6,4

the total cost of the initial tooling required for

where: YSi 1
’ equipment item i, and as limited by 1i.

N the value from equation [4].

i,4
Xi 6.4 - the average unit tooling cost for equipment item i,
e and as limited by i.
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where: YS4

5 4

where:YT.
55

X

NL; 5

X5,7.5

where: YTS

YT s

where: YU

Antiln Zt

i,6,5

H

YS, = ZYSi’4 [33]
the total cost of all initial tooling required to meet
sabot production requirements.

the values from equation [32], and as limited by i.

YT + NT. X [34]

1,3 i,51,7,5

the total cost of the initial tooling required for
equipment item i, and as limited by i.

a one-time cost of initial tooling required for equip-
ment item i, and as limited by i.

the value from equation [7].

the additional average unit tooling cost for equipment
item i, and as limited by i.

YT5 = EYTi,S [35]
the total cost of all initial tooling required to meet
the tungsten alloy penetrator production requirements.
the values from equation [34], and as limited by i.

YU = Antiln Z, [36]

the total additional cost of all initial tooling
required to meet the DU penetrator requirements.

the estimated additional tooling cost, where t=1 and

t=2 represent the DU penetrator with (equation [36.1])
or without (equation [36.2]) tracer cavities.
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CER for DU Penetrator
With Tracer Cavity

LnZ, = 4.6852 + 0.2221 LnX + 0.1409 Y

1

[36.1]

where: Z1 = Estimated additional tooling cost in FY 75 thousand dollars.

X = Full-bore size in millimeters.
Y = Annual production rate in millions.
Statistics:
Coefficients of determination
Multiple = 0.965
Partial
ZX.Y = 0.561
ZY.X = 0.963
XY = 0.000

Standard error of estimate in Ln form = 0.046

Mean absolute percent deviation = 3.5

Passes F test at 99 percent level of confidence

N = 16
CER DATA

Full-Bore Production Actual

Size (mm) Rate Per Year (M) Cost (K)
20 0.312 $231.6
20 0.832 231.6
20 2.080 292.6
20 4.160 353.6
25 0.312 231.6
25 0.832 262+1
25 2.080 292.6
25 4.160 384.1
30 0.312 231.6
30 0.832 262.1
30 2.080 $23.1
30 4.160 414.6
35 0.312 231.6
35 0.832 262.1
35 2.080 328.1
35 4.160 455.1
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Estimated

Cost (X)

$220.
236.
282.
378.
231.
249,
296.
397.
240.
259.
309.
414.
249,
268.
319.
428.
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CER for DU Penetrator
Without Tracer Cavity

Ln22 = 4.6161 + 0.2353 LnX + 0.1396 Y [36.2]
where: Z2 = Estimated additional tooling cost in FY 75 thousand dollars.
X = Full-bore size in millimeters.
Y = Annual production rate in millions.
Statistics:
Coefficients of determination
Multiple = 0.969
Partial
ZX.Y = 0.626
ZY.X = 0.967
XY = 0.000
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